Abstract: A stability indicating reverse phase HPLC method was developed for the determination of metaxalone, a skeletal muscle relaxant, present in bulk and its pharmaceutical formulations using gliclazide as the internal standard (I.S). A hypersil ODS C18 column (250 x 4.6 mm, packed with 5 micron) in an isocratic mode with mobile phase Acetonitrile: phosphate buffer 3.6 (50:50%v/v) was used at a flow rate of 0.8 mL/ min and effluent was monitored at 225 nm. The assay exhibited a linear dynamic range of 0.6-100 µg/mL. Acceptable precision and accuracy were obtained for concentrations over the standard curve range. The retention times were 5.13 min and 9.08 min for metaxalone and IS respectively. The extraction recovery of metaxalone from pharmaceutical dosage form (tablets) was >97% and the calibration curve was linear (r 2 = 0.999) over the entire linear range. The method had an accuracy of >98% and LOD and LOQ of 0.2 μg/mL and 0.6 μg/mL respectively. The specificity of the proposed method was performed whereby metaxalone undergoes different stress conditions like oxidation, reduction, photolysis, acid and alkaline hydrolysis.
Introduction
Chemically, metaxalone ( discomforts associated with acute, painful musculoskeletal conditions 1 . The mechanism of action of metaxalone in humans has not been established, but may be due to general central nervous system depression 2 . Metaxalone has no direct action on the contractile mechanism of striated muscle, the motor end plate, or the nerve fiber. There is very limited or inconsistent data regarding the effectiveness and safety of metaxalone 3 . Metaxalone is one of the commonly used muscle relaxant therapies for acute low back pain Chemical structure of metaxalone Literature survey revealed that no HPLC methods are reported for the determination of metaxalone till date. One method is available for the quantification of metaxalone in human plasma by liquid chromatography coupled to tandem mass spectrometry 5 . Metaxalone has been used as an internal standard for few analytical methods [6] [7] . Present study involves development and validation [8] [9] of a stability indicating 10 RP-HPLC method for the estimation of metaxalone in bulk and its pharmaceutical formulations.
Experimental
Quantitative HPLC was performed on a binary gradient HPLC with Shimadzu LC10AT and LC10AT VP series HPLC pumps, with a 20 µL Injection of sample loop (manual) and SPD 10A VP UV-Visible Detector. The output signal was monitored and integrated using Shimadzu CLASS-VP Version 6.12 SP1 software. Hypersil ODS C 18 (46 mm x 25 cm, 5 mm) column was used for the separation. The pH of the solution was adjusted by using digital pH meter, model DI 707 (Digisun electronics, Hyderabad, India).
Standards and chemicals
Metaxalone and gliclazide gift samples were obtained from aurobindo pharma (Hyderabad, India) and Ranbaxy Laboratories Limited (Mohali, India). Flexura tablets (Sun Pharma) containing 400 mg of metaxalone, were purchased from local market. Purified water was prepared using a Millipore Milli-Q (Bedford, M.A., USA) water purification system. Acetonitrile of HPLC grade was purchased from Burdick and Jackson (Muskagon, MI, USA), ammonium acetate of A.R. grade and formic acid of A.R. grade were purchased from local suppliers.
Preparation of mobile phase
Phosphate buffer 3.6 was prepared by dissolving 0.900 g of anhydrous disodium hydrogen phosphate and 1.298 g of citric acid monohydrate in sufficient water to produce 1000 mL. Acetonitrile of HPLC grade was mixed with the phosphate buffer 3.6 in a ratio of 50: 50. It was then sonicated for about 30 min and filtered through 0.45 micron membrane filter which was used for analysis of metaxalone.
Preparation of standard drug solutions
Stock solution of metaxalone was prepared by dissolving 25 mg of metaxalone in 25 mL of volumetric flask containing 20 mL acetonitrile. The solution was sonicated for about 20 min and then made up to volume with acetonitrile. Daily working standard solutions of metaxalone was prepared by suitable dilution of the stock solution with appropriate mobile phase. Similarly stock solution and working standard solutions of internal standard was also prepared.
Chromatographic conditions
The mobile phase was pumped from the solvent reservoir to the column at a flow rate of 0.8 mL/min. The eluents were monitored at 225 nm. Although the λ max of metaxalone in the mobile phase is 272 nm, but good resolution, peak area were resulted at 225 nm. The column temperature was maintained ambient throughout the experiment. The identification of the separated metaxalone and gliclazide were confirmed by running the chromatograms of the individual compounds under identical conditions.
Procedure for tablets
20 Tablets were weighed, finely powdered and an accurately weighed sample of powdered tablets equivalent to 25 mg of metaxalone was extracted with acetonitrile in a 25 mL volumetric flask using ultra sonicator. This solution was filtered through Whatman No 1 filter paper. The solution obtained was diluted with the mobile phase so as to obtain a concentration in the range of linearity previously determined. An aliquot (20 µg/mL) of the internal standard was added to the sample solution prior to the dilution. All determinations were carried out in six replicates. The represented data were shown in ( 
Method development and optimization
During the method development, top priority was given for the complete separation of metaxalone and forcibly degraded products under the stress conditions such as acid, base, oxidation, reduction and neutral degradation. The chromatographic method was optimized by changing various parameters, such as pH of the mobile phase, organic modifier and buffer used in the mobile phase and composition of mobile phase. Several mobile phases were tested until good resolution, retention time and tailing obtained. Mixture of 20 mM potassium dihydrogen phosphate buffer (pH 3. composition of acetonitrile and phosphate buffer 50:50 (v/v). Buffer molarity of 10, 20 and 50 mM was tested. There were no significant changes in the chromatographic response and peak shape with change in buffer molarity. A buffer molarity of 20 mM was selected for further analysis. After several trials, the method was optimized as a mixture of 20 mM potassium dihydrogen phosphate buffer (pH 3.6) and acetonitrile (50:50 v/v), at a flow rate of 0.8 mL/min, at 225 nm for run time of 12 min. These chromatographic conditions achieved satisfactory resolution, retention tailing for metaxalone. The 
Method validation
Method was validated accordance to ICH guidelines 9 , for system suitability, linearity, precision, accuracy, limit of detection, limit of quantification, robustness, specificity and solution stability. For system suitability, six replicates of standard sample were injected and studied the parameters like plate number (N), tailing factor (k), resolution (R) and relative retention time (α), HETP, capacity factor (k I ), plates per meter and peak symmetry of samples.
Linearity
The linearity of this method was evaluated by linear regression analysis, which was calculated by least square method. Calibration standards were prepared by spiking required volume of working standard (100 µg/mL) solution into different 10 mL volumetric flasks and volume made with methanol to yield concentrations of 0.6, 1, 2, 5, 10, 20, 50 and 100 µg/mL. To the above solutions 20 µg /mL of gliclazide (Internal Standard) was added and the final volume was made up to the mark. A 20 µL aliquot was injected in to the analytical column. The resultant peak areas of the drugs were measured. Calibration curve was plotted between peak area of drug against concentration of the drug. These results show there was an excellent correlation between peak area and analyte concentration. The linearity results are presented in Table 3 and Figure 4 . 
Intra-day and Inter-day precision and accuracy
Precision and accuracy was studied by quality control samples of standard solutions covering low, medium and high concentrations (0.6, 5, 50 µg/mL) of linearity range were prepared and injected. Peak areas of three replicated injections of each concentration were measured. Intra-day precision was studied by six replicate measurements at three concentration levels in the same day. Inter-day precision was conducted during routine operation of the system over a period of 3 consecutive days. Accuracy of the method was determined by calculating recovery studies. Statistical evaluation revealed that relative standard deviation of the drug at different concentration levels for six injections was less than 2. Precision and accuracy data were shown in Table 4 and 5. 
Limits of detection and quantification
Limit of detection (LOD) and limit of quantification (LOQ) was calculated based on the standard deviation of the response and the slope.
Specificity
The specificity of the method was demonstrated through forced degradation studies (Table  6 ) conducted on the sample using acid, alkaline, oxidative, reductive and photolytic degradations. The sample was exposed to these conditions and the main peak was studied for the peak purity, thus indicating that the method effectively separated the degradation products from the pure active ingredient. 
Alkali degradation
About 10 mg of metaxalone pure drug was accurately weighed and transferred to 10 mL volumetric flask. To this 1ml of 0.1 N NaOH was added and kept aside for one hour and volume was made up with mobile phase. Then from this stock solution, 10 µg/mL solution was prepared. To one mL of this drug solution one mL of internal standard solution (20 µg/mL) was mixed and 20 µL of this mixture was injected to obtain chromatograms Figure 5 . 
Acid degradation
About 10 mg of metaxalone pure drug was accurately weighed and transferred to 10 mL volumetric flask. To this 1 mL of 0.1 N HCL was added and kept aside for 1 h and volume was made up with mobile phase. Then from this stock solution, 10 µg/mL solution was prepared. To one ml of this drug solution one mL of internal standard solution (20 µg/mL) was mixed and 20 µL of this mixture was injected to obtain chromatograms ( Figure 6 ). 
Oxidation degradation
About 10 mg of metaxalone pure drug was accurately weighed and transferred to 10 mL volumetric flask. To this 1 mL of 3%w/v of hydrogen peroxide was added and kept aside for two hrs and volume was made up with mobile phase. Then from this stock solution, 10 µg/mL solution was prepared. To one mL of this drug solution one mL of internal standard solution (20 µg/mL) was mixed and 20 µL of this mixture was injected to obtain chromatograms ( Figure 7 ). 
Photolytic degradation
About 10 mg of metaxalone pure drug was accurately weighed and transferred to 10 mL volumetric flask and volume was made up with mobile phase. This solution is then kept under U.V for 48 h at 254 nm. Then from this treated solution, 10 µg/mL solution was prepared. To one mL of this drug solution one mL of internal standard solution (20 µg/mL) was mixed and 20 µL of this mixture was injected to obtain chromatograms ( Figure 9 ). 
Robustness
Robustness of the method was done by changing slight variation in the parameters like mobile phase, flow rate and pH of the mobile phase. Present method didn't show any significant change when the critical parameters were modified. The tailing factor for metaxalone was always less than 2.0 and the components were well separated under all the changes carried out. Considering the modifications in the system suitability parameters and the specificity of the method, as well as carrying the experiment at room temperature may conclude that the method conditions were robust.
Results and Discussion
The linearity of this method was evaluated by linear regression analysis, which was calculated by least square method and the drug was linear in the concentration range of 0.6-100 µg/mL. The percent accuracy for Interday/ intraday Precision and Accuracy studies were found to be 95.33 to 98.95 and 91.56 to 98.86 respectively. Limit of detection was found to be 0.2 µg/mL and limit of quantification was found to be 0.6 µg/mL. In recovery studies the % accuracy were found to be 104.66 to 106.82 and from tablet formulation 97.25 which are well in the acceptance range. In specificity studies, the % drug recovered under different stress conditions were found to be 74.01 (Alkali Degradation), 94.77 (Acid Degradation), 87.33 (Oxidation Degradation), 95.45 (Reduction Degradation) and 97.13 (Photolytic Degradation). The chromatographic method was optimized by changing various parameters, such as pH of the mobile phase, organic modifier and buffer used in the mobile phase. Retention of metaxalone has more dependence on pH of the mobile phase when compared to IS. The separation of peaks was also dependent on pH of the buffer and the percentage of acetonitrile. Under the presently prescribed conditions, the % recoveries of metaxalone were found to be within 94.20 to 107.97. This indicates that commonly used excipients in pharmaceutical formulation were not interfering in the proposed method.
Conclusion
The method provides high % recoveries of metaxalone and hence is very useful for determination of metaxalone in pharmaceutical dosage forms. The differences of less than 2.0% for both intra-and inter-day data reflect the precision of the method. The observation of % C.V less than 2.0 for both intra-and inter-day measurements also indicates high degree of precision. In the present method, a hypersil ODS C18 column has been used and the buffer pH in the mobile is 3.6, which is within the limits (pH 2-8) specified by the manufacturers. In the present method, we have established a linearity range of 0.6-100 μg /mL; this linearity range covers all the strengths of metaxalone. Hence this method can be applied for quantifying the low levels of metaxalone in bulk and pharmaceutical dosage forms.
From the specificity studies we found that metaxalone is more susceptible to alkali and oxidation. The % drug recovered under these conditions was found to be less as compared to other stress conditions. The chromatograms indicate that the peaks of the degradants obtained under stress conditions are well resoluted and were not interfering in the proposed method. Hence this can be useful as a stability indicating method for the determination of metaxalone in bulk and pharmaceutical dosage forms.
